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TWO  ARRAYS  ON  A WEDGE 
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The  far  field  radiation  pattern  for  a phased  array 
on  a rigid  corner  or  wedge  of  corner  angle  #>180 ° has  been 
calculated  before.*  We  will  now  consider  two  arrays,  one  on 
each  side  of  the  wedge,  phased  to  the  same  direction  in  the  far 
field.  The  arrangement  is  shown  in  Figs.  1 and  2. 

^ Each  of  the  arrays  consists  of  N columns  and  M rows 
of  elements  which  are  assumed  to  be  small  as  compared  to  a wave- 
length, i.e.,  the  far  field  pattern  of  each  element  is  assumed 
to  be  independent  of  the  direction  to  the  far  field  if  the  ele- 
ments are  in  the  free  field  or  in  an  infinite  rigid  baffle. 

The  distance  between  the  edge  of  the  corner  and  the  nearest 
column  is  w,  and  the  spacings  between  columns  and  rows  are  d-^ 
and  d2,  respectively. 

It  can  be  shown  that  the  far  field  pattern  at  0,0 
of  the  two  arrays  together  is  given  by 

e2«m*)  = E(6,l  i,  - 0*)+E(e,i  * + 0*),  (IV 

where  E(0,0)  with  0 = j ^ + 0*  is  the  far  field  pattern  of  just 
one  of  the  arrays,  obtained  before  as^ 


sinfy  M kd0(cos  6 - cos  0 ) 

e(0  ,0)  = — ^2  — aJ 

M sin^I.  kd2(cos  0 - cos  0q) 


ji(M-l)kd2  (cos0 


COS0  ) 
o 


(2) 


x (l/N)  T S(kx  sin  M)e-lk*n  sln  8o  cos  "o 
n^l  n 


where  xn  = w +(n-l)d.,  k is  the  wave  number,  0 and  0 

« 1 U v 


± a + gr 
2 y — o 


are  the  angles  to  which  the  far  field  pattern  main 
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beam  is  steered,  and 

S(u ,0)  = eiu  cosfi(-  -L-  eiu  cos<>  + 1 l J ds  e’1®2 

V7"  V7U  cos  I 0 

+ ?~1U  '*4  [2_|7  f L_+  sin (tt2/^) 

$ \^ul  L 2tt  cos  j 0 cos(tt2/^)  - cos(tt0/^) 


(3) 


for  kw  sin  0»1  and  ^>tt. 

The  velocity  v„m  of  the  element  in  the  mt^1  row  and 
. ' nm 

ntn  column  of  the  sonar  array  is  assumed  to  be  given  by 


v„m/v 
nm 


11 


- ikx  s in  0 
e n o 


cos  0 


ikz  cos  0 
m o 


(4) 


where  z = (m-l)d2,  i.e.,  the  velocity  magnitudes  are  assumed 

to  be  equal,  and  the  phases  are  the  same  which  one  would  choose 
if  the  array  were  on  an  infinite  plane  baffle.  It  has  been 
shown  that  the  latter  assumption  yields  results  which  differ 
very  little  from  the  optimum  pattern  in  which  velocity  phases 
are  chosen  with  diffraction  effects  taken  into  account.^- 

Fig.  3 shows  |e2 (0,0*)|  and  [e(0,  j ip  - 0*)J  vs.  0* 
for  0*  =0°,  * = 352°,  0Q  = 0 = 90°,  N = 229,  M = 12,  kdx  = kd2 
■ 2.09,  which  corresponds  to  spacings  of  0.2  meters  at  a fre- 
quency of  2.5  kc,  and  kw  = 114.39.  |e(0,|-  ip  + 0*)|  is  not  shown 

in  Fig.  3 because  due  to  symmetry  it  can  be  obtained  by  reflect- 
ing the  |e(0,  ip  - 0*)|  curve  about  the  line  0*  = 0°. 

It  is  well  known  that  the  composite  pattern  of  two 
identical  arrays  on  an  infinite  rigid  plane  baffle  can  be  ob- 
tained as  the  product  of  the  pattern  due  to  one  of  the  arrays 
times  the  pattern  B due  to  two  point  sources,  each  source 

located  at  the  center  of  one  of  the  arrays,  i.e., 

" 1 

The  second  term  in  Eq.  (3)  of  Reference  1 should  be  divided  by  ir 
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B = sin  [kL(sin  0*  - sin  0*)]/sin[y  kL(sin  0*  - sin  0*)] 

■ 2 cos[y  kL(sin  0*  - sin  0*)]  (5) 

if  the  distance  between  the  centers  of  the  arrays  is  L,  and 
0 and  0Q  are  angles  measured  from  the  normal  to  the  arrays 
and  the  baffle.  The  product  theorem  will  not  hold  for  our  two 
arrays  on  the  wedge  because  of  the  diffraction  effects.  How- 
ever, we  can  expect  it  to  hold  approximately  in  Fig.  3 in  the 
narrow  region  -4°<  0 < 4°  in  which  neither  of  the  arrays  is 
shielded  by  the  wedge.  One  can  imagine  that  the  two  end-fire 
arrays  have  been  projected  on  a plane  normal  to  the  bisector 
plane  in  Figs.  1 and  2,  and  we  can  apply  the  product  theorem 
to  the  two  projected  arrays.  Then  for  the  array  parameters 
used  in  Fig.  3.  we  obtain  from  Eq.  (5)  a null  in  B at  0 = 

+ 3.6°,  which  agrees  well  with  the  minima  in  the  pattern  in 
Fig.  3. 

Fig.  4 shows  the  far  field  patterns  for  0Q  = 4°  and 
the  rest  of  the  array  parameters  the  same  as  in  Fig.  3.  The 
minimum  at  0 = 0.4°  is  again  explained  by  a null  in  B;  of 

course,  due  to  diffraction  effects  one  does  not  get  a true  null 
in  | E2I  because,  as  we  mentioned  before,  the  product  theorem 
applies  only  approximately. 

In  Fig.  3 for  0Q  = 0°  the  composite  main  beam  due  to 
both  arrays  is  narrower  (at  the  -6  db  level  relative  to  the 
maximum,  say)  than  the  main  beam  from  each  of  the  arrays  sepa- 
rately. In  Fig.  4 for  0Q  = 4°  the  composite  main  beam  has 
been  practically  split  into  two  beams. 

Figs.  5 and  6 show  the  single  array  patterns  for 
0q  * 8°  and  16°;  the  second  array  cannot  be  steered  beyond 
0*  _ 40  8ince  that  angle  is  a grazing  angle  with  respect  to  the 
baffle  of  the  other  side  of  the  wedge. 
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Let  us  now  consider  the  cavitation  limited  power  out- 
put. The  near  field  pressures  and  the  radiation  impedances  of 
the  array  elements  are  relatively  unaffected  by  the  presence 
of  the  wedge,  and  such  quantities  can  be  calculated  as  if  the 
array  were  on  an  infinite  plane  rigid  baffle  if  the  edge  of 
the  array  is  at  a distance  of  a wavelength  or  more  from  the 

2 o a 

edge  of  the  wedge.  * * 

For  simplicity  one  can  assume  that  the  ratios  of  the 
actual  peak  near  field  pressures  for  different  steering  angles 
will  be  the  same  as  the  ratios  of  the  peak  average  pressures 
over  the  pistons.  The  average  pressure  p over  a piston  is 
proportional  to  the  radiation  impedance,  i.e.,  the  force  PayA, 
where  A is  the  area  of  the  piston,  is  equal  to  vpcAZ,  where  v 
is  the  velocity  of  the  piston,  p the  density  and  c the  speed 
of  sound  in  water,  and  Z is  a dimensionless  radiation  impedance 
parameter  such  that  pcAZ  is  the  actual  radiation  impedance.  If 
we  now  set  the  maximum  |pavj  (for  a fixed  steering  angle)  equal 
to  the  cavitation  limit  pressure  p£ , we  obtain  the  value  of  the 
maximum  allowable  velocity  amplitude  v£  as 
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where  I is  the  intensity  on  the  axis  of  the  main  beam,  and 
Iflv  is  the  average  intensity. 

The  source  level  SL  in  db  is  given  by 

SL  = 71.6  + DI  + 10  log  (Pout)  (9) 

The  quantities  vQ , Pout,  DI , and  SL  are  given  in 
Table  I for  a single  array  of  12  by  229  elements,  with  both 
rows  and  columns  spaced  0.2  meters  apart,  the  elements  being 
circular  pistons  with  radii  0.0635  meters.  The  frequency  is 
2500  cps,  and  pc  = 1.5  atmospheres. 

In  Figs.  7 and  8 the  source  levels  SL  and  the  3 -db 
beamwidths  are  compared  for  three  different  arrays:  1)  the  two 
arrays  on  a wedge  as  discussed  previously,  so  that  the  arrays 
are  at  an  angle  of  4°  with  respect  to  endfire;  2)  a single 
array  on  the  wedge;  3)  a single  array  on  a halfplane  not  in- 
clined with  respect  to  endfire,  i.e.,  diffraction  effects  due 
to  the  finite  extent  of  the  baffle  are  taken  into  account,  but 
endfire  is  assumed  to  be  at  a grazing  angle  with  respect  to 
the  array  and  baffle,  not  at  4°  off  the  baffle  as  in  1)  and 
2)  above.  In  1)  above  one  has  to  assume  that  only  one  array 
will  operate  for  0 >4°,  since  the  second  array  cannot  be  steered 
behind  its  own  baffle;  therefore  for  0Q  = 4°  the  curves  for  1) 
and  2)  coincide. 

The  implication  of  the  above  results  for  the  design 
of  the  C/P  array  will  be  discussed  in  a subsequent  report.5 
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TABLE  I 

Cavitation  Limited  Quantities  for  a Single  Array  on  an  Infinite 

Plane  Baffle 


degrees 

180° 

176° 

172° 

168° 

160° 

v£ , meters/sec 

0.0235 

0.0228 

0.0305 

0.0431 

0.0778 

Power  output , 
kilowatts 

20.3 

25.3 

50.7 

67.9 

132.2 

Directivity 
index,  db 

29.35 

28.17 

27.66 

29.38 

31.63 

Source  level, 
db 

144.03 

143.79 

146. 31 

149.30 



154.44 

M = 12,  N = 229,  0Q  = 0°,  kdx  = kd2  = 2.09. 


WP22- 1-420 10 


REFERENCES 


1.  V.  Maneulis.  Array  on  a Corner,  TRG,  Inc.,  Report  No. 
023-TN-66-1  (19665 . 

2.  V.  Mangulis,  Baffle  Reflections,  Diffraction,  and  Non- 
rigidity  in  the  CONTACT  Sonar  System  (U) , TRG,  Inc.  , 
Report  NoT  TRC-0 11 -Memo -64-1  (1964);  ft&nfidential)  . 

3.  V.  Mangulis,  On  the  Radiation  Impedance  of  a Piston  on  a 
Corner,  TRG,  Inc. , Report  No.  TRG-023-TN-b5-2  (l9b5) . 

4.  A.  Kane,  T.  De  Filippis,  and  V.  Mangulis,  Effect  of 
Reflections  from  the  Ship' s Hull  on  the  CONTACT  Sonar 
Array  (tJ)  , TR6,  tncT,  Report  No.  tRC-02  3-Memo-b^ -2 
(1965) ; (Confidential) . 

5.  A.  Novick,  to  be  published. 


T 

r •* 

' i 


FIGURE  I.  CROSS-SECTIONAL  VIEW 


FIGURE  3.  FAR -FI ELD  PATTERNS  FOR  0 


